Introduction
The core definition of endometriosis is when endometrial glands and stoma are identified outside the uterine cavity. The true incidence of endometriosis is difficult to calculate; however, it is estimated to affect 2%-10% of women in their reproductive age, and 50% of patients complain of infertility. 1 The success rate of in vitro fertilization (IVF)/intracytoplasmic sperm injection has been reported to be affected by the presence or absence of endometriosis. Pregnancy rates after IVF/intracytoplasmic sperm injection were decreased in patients with stage III and IV endometriosis when compared to those with tubal factor infertility.
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Ultrasonographic examination is the most commonly used modality for the assessment of patients with suspected endometriosis, and its efficiency in the detection of ovarian endometriomas is well established. 4 The use of 3-D power Doppler as a prognostic tool for IVF outcome in patients with endometriomas has been previously described, as it allows for the demonstration of the dynamic vascular changes that occur during the process of IVF. 5 The aim of this study was to evaluate the effect of ovarian endometrioma on uterine and ovarian blood flow in infertile women scheduled for IVF.
Materials and methods
In a case-control study, women with unilateral ovarian endometrioma scheduled for IVF were recruited in our target group over the course of 4 years. Transvaginal ultrasonography (TVUS) was used for the diagnosis of ovarian endometrioma. The mainstay of diagnosis was based on visualizing rounded homogeneous hypoechoic tissue with low-level echoes within the ovary (Figure 1 ), as described by Moore et al. 6 A matched control group with a similar number consisted of women with either unexplained or male-factor infertility scheduled for IVF.
A study protocol was submitted and approved by the Scientific Research Committee of the Obstetrics and Gyne cology Department of Cairo University on February 16, 2012 , and all participants signed an informed consent form. Recruitment was done at the Fertility Clinic of Kasr Alaniy Assisted Conception Unit, and the setting of this study was the Ultrasound Unit of the Obstetrics and Gynecology Department at Kasr Alainy Hospital, Cairo University. Recruitment lasted from March 2012 to June 2016.
Inclusion criteria were age-group 25-35 years, body mass index (BMI) ,30 kg/m 2 , normal basal hormonal profile, either primary or secondary infertility with a duration of more than 2 years, regular menstrual cycle, ovulation documented by TVUS and/or normal mid-luteal serum progesterone levels, and a normal uterine cavity screened by hysterosalpingography, TVUS, and/or hysteroscopy.
Women were excluded from our study if they were smokers, lactating, had had previous pelvic surgery, including cesarean section, or if they had any pelvic pathology, including uterine fibroids, ovarian cysts (other than endometrioma), and hydrosalpinx. Women were also excluded if they had a general disease or were on any medication that could affect pelvic blood flow.
All ultrasound examinations were done by a single highly trained operator on days 20-22 (mid-luteal phase), which coincided with the peri-implantation window of the cycle. We used a Voluson 730 ultrasound machine (GE, Boston, MA, USA). We took the maximum thickness of the endometrium in the sagittal plane on both sides of the midline (double layer) as our measurement for endometrial thickness.
We needed to assess blood flow in the uterine and ovarian arteries. Color Doppler in the 2-D mode was used to obtain flow-velocity waveforms from the ascending main branch of the uterine artery, and the vessel was identified at the level of the internal os. The same technique was employed to search for the ovarian artery at the ovarian hilum, and was identified by being the largest vessel there. Pulsatility index (PI) and resistance index (RI) values of both the right and left uterine and ovarian arteries were obtained, and then the averaged measurements of the uterine and ovarian PI and RI were calculated and recorded.
The ultrasound settings for this study were standardized according to El-Mazny et al, 7 where we switched the ultrasound machine to the 3-D mode with power Doppler. The frequency was set at 3-9 MHz, pulse-repetition frequency at 0.6 kHz, gain at -4, and wall-motion filter at low 1. The built-in VOCAL (virtual organ computer-aided analysis) imaging program was used to measure and record the endometrial volume and blood-flow indices, as seen in (Figure 2 ). The same technique was utilized to measure ovarian volume (excluding endometrioma) and blood flow, as seen in (Figure 3 ). The averaged ovarian volume and 3-D power Doppler indices were also recorded.
The parameters measured were the vascularization index (VI), which measures the ratio of the number of color voxels to the total number of voxels (%) and also represents vascularity (the presence of blood vessels), the flow index (FI), which measures the mean power Doppler-signal intensity 
statistical analysis
Continuous data are expressed as mean ± standard deviation (95% CI). Data were compared using Student's t-test or Mann-Whitney U-test as appropriate. Categorical data were expressed as number (%), and comparison was done using Fisher's exact test. ICCs were used to assess intraobserver reliability using one-way random mean measures. A twotailed P-value ,0.05 was considered statistically significant. Statistical analysis of the data was performed using the SPSS version 20.0 (IBM, Armonk, NY, USA).
Results
Over 4 years, we recruited 138 infertile women with unilateral ovarian endometrioma scheduled for IVF in the study group. Endometrioma was encountered in the right ovary in 79 (57.2%) women and in the left ovary in 59 (42.8%). The mean diameter of the endometrioma was 35.73±7.51 (range 25-65) mm. We enrolled a similar number in the control group, which consisted of 138 women with malefactor (n=86, 62.3%) or unexplained (n=52, 37.7%) infertility also scheduled for IVF. There were no significant differences in age (P=0.106), parity (P=0.217), type of infertility (P=0.814), duration of infertility (P=0.429), duration of menstrual cycle (P=0.328), or BMI (P=0.198) between the two groups (Table 1) .
We compared the endometrial and ovarian Doppler indices between women with and without endometrioma ( Table 2 ). There were no significant differences in endometrial thickness (P=0.616), uterine artery PI (P=0.461) and RI (P=0.355), ovarian artery PI (P=0.828) and RI (P=0.844), endometrial volume (P=0.44), VI (P=0.413), FI (P=0.669), and VFI (P=0.810), or ovarian volume (P=0.812), VI (P=0.293), FI (P=0.390), and VFI (P=0.297) between the two groups.
We then examined whether the endometrial and ovarian Doppler indices were influenced by endometrioma size (Table 3 ). There were no significant differences in endometrial thickness (P=0.402); uterine artery PI (P=0. We then compared the ovarian Doppler indices between endometrioma-containing ovaries and contralateral ovaries (Table 4) . No significant differences were observed in ovarian artery PI (P=0.103) and RI (P=0.870) or ovarian volume 
Discussion
The incorporation of 3-D ultrasound and power Doppler into the field of obstetrics, gynecology, and assisted reproduction has been described. 9, 10 The use of VOCAL software for 3-D volume measurement has become faster and more convenient than older methods. The measurement of ovarian volume and stromal blood flow can now be more objectively assessed. 11, 12 This is the first study to evaluate the effect of endometrioma on uterine and ovarian hemodynamics using 3-D power Doppler. Other authors 3, 4 have focused on using 3-D power Doppler to investigate the relationship between pelvic pain and blood flow in cases with ovarian endometrioma. Wu et al 5 reviewed the use of 3-D power Doppler in measuring the effect of cystectomy for endometrioma on ovarian blood flow and correlation with ovarian reserve.
Our results showed that there were no significant differences (P.0.05) in endometrial thickness, uterine and ovarian artery PI and RI, or endometrial and ovarian volume, VI, FI, and VFI between the endometrioma group and the control group. The endometrial and ovarian Doppler indices were not influenced by endometrioma size either. No significant differences were observed in the ovarian Doppler indices between endometrioma-containing ovaries and contralateral ovaries.
In agreement with our findings, Alcázar et al 13 reported that color velocity imaging and pulsed Doppler showed no significant difference in ovarian endometriomas and other nonendometriotic masses. Likewise, Huang et al 14 found no significant difference in VI, FI, or VFI between ovaries with endometriomas and other benign homogeneous hypoechogenic adnexal cysts. This goes to prove that endometriomas, like other benign cysts, do not alter ovarian stromal blood flow.
On the other hand, in a retrospective study, Wu et al 12 reported significantly decreased ovarian VI, FI, and VFI 
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endometrioma and utero-ovarian vascularity in women undergoing IVF after laparoscopic ovarian cystectomy for large endometriomas (.6 cm). Porpora et al 15 also found a statistically significant improvement in uterine artery flow and pregnancy rate after laparoscopic surgery in patients with ovarian endometrioma.
Whether an ovarian endometrioma should be removed before IVF remains controversial. Surgical excision of endometriomas may be associated with reduced ovarian reserve, 16, 17 due to inadvertent removal of healthy ovarian tissue, thermal injury, or scarring. 18, 19 On the other hand, fenestration and coagulation of endometriomas may be less deleterious to ovarian function; however, the risk of recurrence is higher. 20, 21 Almog et al 22 evaluated the effects of ovarian endometrioma on the number of oocytes retrieved for IVF. They reported no significant difference in the number of antral follicles and oocytes retrieved in the endometrioma-containing ovary or in the opposite ovary. There was no correlation between the size and number of endometriomas with the number of retrieved oocytes. Antral follicle count and the number of retrieved oocytes in these women were similar to those in women with no endometrioma.
Some of the limitations to our work included not assessing the stage of endometriosis. While all cases in the study group had endometriomas, the degree of disease was not evaluated, as this mandated that all patients undergo laparoscopy. The same argument can be made for the women with unexplained infertility in the control group, as they may have had mild peritoneal disease that could only be evaluated through laparoscopy.
Conclusion
The presence of ovarian endometriomas is not associated with impaired endometrial or ovarian blood flows in infertile women scheduled for IVF. Based on our findings, we can hypothesize that ovarian endometriomas are not likely to affect endometrial receptivity or ovarian function through a vascular mechanism, so we can recommend IVF without surgical removal of endometriomas. However, further studies are needed to correlate these findings with the results 
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